INTRODUCTION
Several recent oxygen isotope studies have demonstrated that certain epizonal igneous intrusions (i.e., those emplaced at relatively shallow depths in the earth's crust) have interacted strongly with meteoric ground waters during their crystallization and cooling history Taylor and Forester, 1971] Note that fresh, unaltered basalts and andesires throughout the world typically have very uniform 6180 values of -]-5.5 to -]-6.5. If they have undergone some weathering or low-temperature (•100øC) hydrous alteration, they will usually have slightly higher 6 values; also, plutohie granitic rocks generally have 61sO --]-7.0 to -]-9.5 . Therefore, any igneous rock (intrusive or volcanic) analyzed in the present research that has a 61sO less than •-5.5 is immediately suspected of having undergone hydrothermal exchange with heated low-•SO meteoric waters. Such phenomena cannot be produced by hydrothermal exchange with primary magmatic ground waters, because such waters have a relatively well-defined 6x80 of about -]-6.0 to -]-8.5 .
As is shown in Figure 2 In the one granodiorite sample in which coexisting minerals were analyzed (superscript C), the quartz, feldspar, and uralite are clearly not in exact isotopic equilibrium ( •80 Fractionations among coexisting minerals.
Only a few sets of coexisting minerals were analyzed for 180 in the present study, as is shown in Table 1 Table 1 . The most conclusive evidence on this point, however, is given by the large values of from the Nimrod granite. This body contains quartz that is both coarser grained and more abundant than in any of the granodiorites listed in Table 1 , and the quartz-feldspar fractionations The most probable explanation of the above phenomenon is that the hydrothermal convection system begins operating in the country rocks immediately upon intrusion (and perhaps reaches its maximum importance at this time), whereas as long as the stock is partly molten, no fractures or joints can form and thus no convective circulation of H20 can be set up inside the body. By the time the center of the stock has solidified enough to fracture, the 'heat engine' is itself much smaller and the convection system is beginning to turn itself off. Also, as a result of mineral deposition along the hydrothermal conduits, many of the routes of access for the aqueous fluids are partially sealed off by this time.
It goes without saying that heat-flow calculations that only involve solutions of the simple heat conduction equation [e.g., Jaeger, 1961] Figure 9 may apply equally as well to many present meteoric-hydrothermal systems. One of the major difficulties in interpreting such systems has been the problem of heat transfer between the heat source (i.e., the intrusion) and the H20. This is generally shown as occurring by simple heat conduction [White, 1968, Figure 3] . On the basis of the data in the present study, the heattransfer problem can probably be adequately explained by migration of the H20 directly into the heat source itself. The heat exchange thereby occurs through intimate physical contact between the t:[20 and the igneous intrusion.
As well as direct heat and nO exchange with the solidified intrusive body, some diffusion of meteoric H20 into the magma undoubtedly takes place. The augRe diorite and granodiorite magmas in the Western Cascades were undoubtedly undersaturated in H20 at the time of intrusion and would thus act as a 'sink' for any mobile H20 available in the local environment. This would produce some nO depletion, but we know that most of the 8nO lowering in the Nimrod stock, for example, occurred after crystallization, because the feldspar exchanged much more extensively with the aqueous fluids than did coexisting quartz in the same hand specimen (see Table 1 
If the water/rock ratio is in fact roughly
constant throughout an appreciable volume of rock, the r]•s0 contours in the rocks should also represent approximate isotherms, as is indicated in Table 2 Table 2 ). For (•rock > +4:, the temperature differences are practically negligible.
It is probably going to be difficult to directly apply oxygen isotope geothermometry to coexisting minerals in the propylitic alteration zones because of the general lack of attainment of isotopic equilibrium (see Table 1 ). Therefore, we must have recourse to indirect methods like those shown in Table 2 . In fact, however, for a water/rock ratio of 0.8 or 1.0 (which from 
